We present a patient with malunion of the ulna and radius, who experienced 2 consecutive healing failures after osteotomy of the ulnar malunion only. The purpose of the surgery was for cosmetic reasons. Healing was fi nally obtained when a seemingly minimal malunion of the radius was corrected as well. This case suggests concurrent correction of both bone forearm malunion may be required to ensure satisfactory healing.
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Osteotomy of malunited fractures of the ulna and radius is generally indicated in cases with functional loss of motion, instability of the distal radioulnar joint, or unacceptable cosmetic deformity. 1) A few studies have been performed on the outcomes of osteotomies for malunited fractures of the forearm. 1, 2) In these studies, patients had osteotomies of one or both forearm bones according to the degrees of the deformities. Trousdale and Linscheid 1) recommended if both bones are mal-aligned that the more severely deformed bone be corrected first, and that if the radius is osteotomized first and rotation is smooth, the ulna can be ignored. However, it is unclear how much deformity of one bone can be ignored when the first osteotomy alone can achieve a functionally acceptable range of motion. We experienced a patient with malunion of both forearm bones, who experienced two consecutive healing failures after osteotomy of the ulnar malunion only, which was performed for a cosmetic reason.
Healing was finally obtained when the seemingly minimal malunion of the radius was also corrected.
CASE REPORT
A 21-year-old man was referred to our clinic for repeated failure of corrective osteotomy of the right ulna performed at a local hospital. Six years previously, the patient had suffered fractures of ulna and radius of the right forearm and had undergone open reduction and internal fixation for the fracture at another hospital. However, fixation was performed for the ulna alone for unidentified reasons, and subsequently angulation deformities developed in the ulna and radius, although the fractures eventually healed (Fig. 1) . Six months prior to presentation at our clinic, the patient requested correction Figure 1 . The patient had malunion of the right both forearm bones. The ulna had 45 degrees of posterolateral angulation and the radius had 15 degrees of posterior angulation. The initial radiographs at the time of injury were unavailable.
of bowing of the ulna, and underwent corrective osteotomy at the local hospital. Because he had acceptable rotational motions with 45 degrees of supination and 60 degrees of pronation, and the chief complaint was deformity and not inadequate motion, the surgeon at the local hospital performed corrective osteotomy of the ulna only using a 3.5 mm reconstruction plate and screws (Fig. 2) . At 6 weeks postoperatively, when a callus was seen, the patient started motion exercises and soon obtained the preoperative level of rotational motions. However, at 10 weeks postoperatively, he felt a sudden pain at the osteotomy site and the radiographic examinations revealed a broken plate and fracture of the osteotomy (Fig. 3) . He then underwent reoperation at the same local hospital, with another longer reconstruction plate and screws plus an autogenous iliac bone graft (Fig. 4) . After 8 weeks of long arm cast immobilization, when a callus was present, he began motion exercises, but at 10 weeks after the second operation, he felt a sudden pain again at the operation site.
Radiographs revealed a breakage of the plate (Fig. 5 ).
When examined by us, the patient had 45 degrees of supination and 60 degrees of pronation in the involved side, and 90 degrees of supination and 70 degrees of pronation in the contralateral side ( Fig.   Figure 2 . At a local hospital, corrective osteotomy of the ulna was performed using a 3.5 mm reconstruction plate and screws, leaving the radius uncorrected. We decided to perform osteotomies on both forearm bones. As the patient had near normal pronation and moderately limited supination, we did not consider rotational mal-alignment, and simply cor- (Fig. 7, 8 ).
DISCUSSION
In the presented case, after two consecutive healing failures of single Sarmiento et al. 7) further confirmed that a clinically relevant loss of forearm rotation of less than 50 degrees of pronation and supination, which is required to perform most normal activities, 9) was not achieved until at least 15 degrees of angulation is exceeded.
A few studies have been performed on the outcomes of single osteotomies or osteotomies of both forearm bones for malunited fractures of the forearm. 1, 5) Trousdale and Linscheid performed 20 radius osteotomies, 5 radius and ulnar osteotomies, and 2 ulnar osteotomies in 27 patients. 1) They recommended that if both the radius and ulna are mal-aligned, the ulna be osteotomized first to establish alignment of the forearm, and the radius be osteotomized next to conform to the ulna, and on the other hand, if the radius is more severely mal-aligned then it be osteotomized first, and that if rotation is smooth with passive manipulation, the ulna can be ignored.
However, no recommendation has been made regarding how much radial deformity can be ignored when the ulnar is osteotomized first and rotation appears functional. Furthermore, when rotation is marginally limited, it is difficult to determine whether further osteotomy of the other less-deformed bone is necessary, because residual limitation of motion can be caused by bony alignment, soft tissue contracture, or secondary joint changes in cases with a long period between initial injury and osteotomy. 1, 5) In the described case, during the first surgery, angular deformity of the radius was about 15 degrees and the patient had 45 degrees of supination and 60 degrees of pronation preoperatively, which did not change after ulnar osteotomy, which made it difficult to justify further correction of the radius.
Furthermore, the resumed stability advantage offered by leaving the radius may have been considered to be helpful for promoting the healing of the nonunited ulna. Three-dimensional models and computer simulation systems 10) may be necessary to assess whether a single osteotomy is sufficient and to determine the conditions under which this does not cause impingement.
This case suggests concurrent correction of both bone forearm malunion may be required to ensure satisfactory healing. Further studies are required to provide guidance on corrective osteotomy for malunions of both forearm bones.
